Frailty is a clinical state in which there is an increase in the individual's vulnerability to developing increased dependency and/or mortality when exposed to a stressor. Since the mean age of dialysis patients is increasing worldwide, frailty has recently come to be considered one of the risk factors for mortality in the older dialysis population. The prevalence of frailty among dialysis patients has ranged from 3.0-to 10-fold higher than that among community-dwelling elderly, depending on the method of assessing frailty and patient characteristics. Since frailty has been found to be associated with higher mortality, independent of clinical characteristics and comorbidity, interventions to improve frailty have the potential to contribute to better quality of life and lower mortality among dialysis patients. In addition, greater attention should be focused on the possibility that early rehabilitation of dialysis patients might improve poor outcomes. Clinical research should aim to devise an adequate strategy to address frailty, including identifying the optimal timing for intervention.
Background
Because Japan has the world's highest life expectancy and a persistently low birth rate, Japan's population is aging more rapidly than any other country [1] . A systematic review and meta-analysis [2] identified five studies incorporating 11,940 Japanese people aged 65 years or older living in the community and demonstrated that the pooled prevalences of frailty, prefrailty, and robustness based on the Fried criteria were 7.4, 48.1, and 44.4%, respectively. Stratified analyses showed that women were frailer than men and that prevalence of frailty increased with age.
The age of the dialysis patient population in Japan is also increasing yearly. The number of prevalent dialysis patients in Japan was 320,448 in 2014 [3] , and the mean age of prevalent dialysis patients was 67.5 years and are likely the older dialysis populations of most other countries in the world. Since 65% of Japanese dialysis patients in 2014 are 65 years of age or more, and 32% are 75 years of age or above ( Fig. 1) , it is becoming important for dialysis staff members to understand frailty, which is common in elderly dialysis populations.
Frailty has been described as a loss of functional, cognitive, and physiologic reserves that leads to a vulnerable condition [4] . Frailty is a state of increased vulnerability to poor recovery of homeostasis following a stress, and it increases the risk of adverse outcomes, including falls, delirium, and disability [5] . An important perspective for therapeutic approach to frailty is to consider how the complex mechanism of aging promotes the cumulative decline of multiple physiological systems, consequent disturbance of homeostatic reserves, and vulnerability to disproportionate changes in health status in response to relatively minor stressor events.
Chronic kidney disease (CKD) accelerates the aging process via protein energy wasting, uremic toxins, inflammation, and oxidative stresses [6] . These combined effects of chronological and pathological aging may explain why the frailty phenotype is much more common in the CKD population irrespective of dialysis therapy. This article reviews focus on the recent frailty consensus in older adults and how to apply it to the dialysis population.
Definition of frailty
Operational definitions of frailty have incorporated the concepts of multiple contributing causes and multiple manifestations in the form of a syndrome. Fried et al. [4] have defined a frailty phenotype consisting of at least three of the following unintentional weight loss, exhaustion, physical inactivity, slow gait speed, and weak grip strength. According to this definition, approximately 7% of community-dwelling elderly in a large US cohort study were frail, and frailty was significantly associated with female sex, older age, and higher comorbidity burden. In order to apply the concept of frailty to patients with CKD or end-stage renal disease (ESRD), the frailty phenotype has been adapted in numerous ways, the most common of which is to substitute patients' selfreport of physical functioning for direct measures of physical performance [7, 8] .
Two approaches to define physical frailty have become popular. The first deficit model consists of adding together an individual's number of impairments and conditions to create a frailty index [9] . The second model was originally defined as a specific physical phenotype consisting of a constellation of five possible components: weight loss, exhaustion, weakness, slowness, and reduced physical activity, which marked an underlying physiologic state of multisystem and energy dysregulation [10] . Both of these definitions are currently used to define a frail state and a prefrail state, a condition between the frail state and nonfrail state. Many other definitions of frailty have been proposed, but the heterogeneity of definitions may have contributed to the inability to agree on a single operational definition of frailty that satisfies all experts.
A recent consensus conference of European and American frailty experts defined frailty as a medical syndrome with multiple causes and contributors that is characterized by diminished strength, endurance, and reduced physiologic function that increases an individual's vulnerability to developing increased dependency and/or to death [11] . The consensus conference showed four recommendations: (1) physical frailty is an important medical syndrome, (2) simple screening tests are available to be used by physicians to recognize frail persons and identify persons with physical frailty or at risk of frailty, (3) physical frailty is a manageable condition, and (4) all persons older than 70 years should be screened for frailty. Since aging and chronic diseases likely contribute to the development of frailty through mechanisms that include oxidative stress, inflammation, and reductions in serum anabolic hormone levels [10] , it is not surprising that CKD, which itself can lead to all of the above, is associated with a higher prevalence of frailty in community-dwelling elderly [12] . However, the definition or the diagnostic criteria of 'frailty' have not gained the broad consensus.
Prevalence of frailty in the predialysis and dialysis population
CKD represents a formidable cause of biochemical changes and is also a physiological stressor, causing premature occurrence of age-related changes. The combined effect of aging and CKD may represent a higher dose of physiological changes that lead to unsuccessful aging [12] . An association between frailty and predialysis CKD has recently recognized. A systematic review of frailty in CKD found that multiple studies have demonstrated a strong and consistent relationship between worsening kidney function and poor performance on physical function tests [13] . In a large study of predialysis CKD patients enrolled in the third National Health and Nutrition Evaluation Survey, increasing severity of predialysis CKD patients was strongly associated with occurrence of frailty [14] , suggesting that more severe metabolic abnormalities carried by worsening kidney function lead to more significant levels of frailty.
Johansen et al. used a self-report-based definition of frailty to assess the prevalence and significance of frailty among the 2275 dialysis patients participating in the Dialysis Morbidity and Mortality Wave 2 study [8] . The results revealed that two thirds of the patients were frail, including those who were under the age of 65 years. A multivariable logistic regression analysis suggested that older age, female sex, and hemodialysis were independently associated with frailty. A Cox proportional hazards model indicated that frailty was independently associated with higher risk of death (adjusted hazard ratio (HR) 2.24, 95% confidence interval (CI) 1.60-3.15) and with a combined outcome of death and hospitalization (adjusted HR 1.63, 95% CI 1.41-1.87). Since then, the Fried frailty phenotype has been applied to prevalent dialysis populations in the USA [15, 16] . The prevalence was lower when measured by this method, 30-42%, but was still four to six times that of healthy elderly persons despite inclusion of all adults in these studies rather than only those above 65 years of age. The prevalence of frailty among ESRD patients has varied with the cohorts, probably as a result of differences between the methods used to assess frailty [17] . Differences in patient characteristics, such as dialysis vintage and severity of comorbidities, probably contribute to the variation. Nevertheless, all studies have shown a substantially higher prevalence of frailty among ESRD patients than among community-dwelling elderly.
Because of the high burden of comorbid illness in dialysis patients and the high overall mortality, it is important to consider whether frailty provides prognostic information in this population. If comorbidity and inflammatory exist already in the dialysis population, the presence of frailty may not improve prediction of adverse outcomes. However, frailty has been found to be independently associated with higher mortality in all studies that have examined the association between frailty and mortality to date. Frailty has also been found to be associated with higher risk of falls and fractures [18, 19] . There is an ongoing debate about the value of frailty assessment in dialysis populations and the methods by which frailty should be assessed [20, 21] , and longitudinal studies are needed to provide the answers.
Screening and management of frailty
Sufficient evidence exists for the implementation of frailty screening of persons 70 years of age and older by health care providers. Simple rapid screening tests that allow physicians to rapidly identify frail persons have been developed and validated. Examples of some commonly used and validated frailty tools are the FRAIL (Table 1) [22] and the Clinical Frailty Scale (Table 2 ) [23] . A screening approach is also being carried out widely in Japan, and interventions suggested by the consensus group have been provided successfully [24] . They compared the comprehensive geriatric assessment (CGA) between specified elderly individuals at risk of requiring long-term care insurance and uncertified elderly people, and also compared CGA between the risk group and non-risk group, in subcategories of the "Kihon Checklist," including the physical strength, nutrition/oral function, overall low score on questions 1-20, houseboundness, cognitive function, and depression risk (Fig. 2) . They concluded that the assessments of physical strength and cognitive function were more useful as means of identifying frail elderly.
We are aware of a few published studies that were specifically designed to examine frailty in the dialysis population. Unfortunately, the results of recent studies suggest that the functional status in the absence of intervention declines further after initiating dialysis among very elderly patients [25, 26] , making it imperative to consider treatments or interventions that reverse their downward trajectory. Since physical inactivity is part of the definition of frailty, interventions that increase activity may reverse frailty directly or indirectly if they also improve physical performance or symptoms of fatigue and exhaustion. Some studies have shown that hemodialysis patients are extremely inactive [27] [28] [29] and that their low physical activity is associated with poorer physical performance [30] and lower survival rates [31, 32] . Few studies have focused on increasing the habitual physical activity of the dialysis population [33, 34] , but such a strategy seems promising and should be investigated. Even in the absence of solid evidence for a benefit in the dialysis population, dialysis patients should be encouraged to follow physical activity guidelines for older patients.
There have been numerous studies of more vigorous exercise training programs designed to increase the exercise capacity or physical performance of dialysis patients [35] , and although many of the studies have been small and/or of low quality, since the majority have shown improvements and patients with lower baseline functioning have been found to derive greater benefit in one of the largest exercise intervention studies [36] , aerobic exercise training would seem to have the potential to improve frailty. However, the vigorous nature of such training programs has led to the exclusion of large numbers of hemodialysis patients as ineligible, and frail patients Table 1 The simple "FRAIL" questionnaire screening tool 3 would be more likely have factors that lead to exclusion. Moreover, there has been a high rate of patient refusal to participate in such programs when offered, suggesting that fear or reluctance to engage in vigorous activity is a barrier to patients' adoption of exercise programs. Thus, the extent to which aerobic exercise training during dialysis or at some other time can reverse frailty remains to be determined.
Because weakness is part of frailty, and muscle atrophy is a key underlying mechanism [37] , resistance exercises or other anabolic interventions might be logical choices to ameliorate frailty in the dialysis population [38] . Indeed, resistance training has been shown to increase muscle strength in both hemodialysis patients [38] and institutionalized nonagenarians [39] , thereby demonstrating that such programs are possible, even among patients with extremely low functioning, and that they can be beneficial. Thus, referral of frail individuals for physical therapy and strength training should be considered when weakness or frailty is detected.
Interventions for frail older adults
The development of strategies, such as communitybased interventions, to reduce the risk of disability, including physical frailty, is required worldwide. Physical frailty is bidirectional and potentially reversible. Therefore, interventions have been developed for the condition, and exercise has been shown to exert a positive functional effect on physical frailty [40] . Although interventions, including exercise, nutrition, and education, for older adults at high risk of disability may improve their quality of life, there is little evidence available to show whether interventions reduce the onset of disability with physical frailty [41] . Makizato et al. [42] has recently reported the effects of a community disability prevention program for frail older adults. A total of 514 community-dwelling older adults aged 65 years or older with physical frailty who had undergone baseline assessment and participated in community-based intervention studies (participants) or did not (non-participants) were included in the study. They conclude that participation in community-based Fig. 2 Kihon Checklist of 25 items and seven categories for screening "specified elderly" individuals for frailty intervention studies could reduce the incidence of disability in older adults with physical frailty. A systematic review has shown that exercise interventions are beneficial and feasible and can be implemented safely in the ESRD population [43] . Both aerobic and resistance exercise interventions, administered in the dialysis facility or outside of dialysis, have resulted in improvements in physical function [44] . However, there are several limitations of the methodologic issues with studies of exercise in dialysis patients, including uncertainty about the optimal modality and dose of exercise, the best time for intervention, safety and health concerns, and frequent hospitalizations and clinical status changes in the dialysis population that can interrupt training. Conclusions were limited by the heterogeneity of the ESRD population, the presence of multiple comorbid conditions, and difficulty in implementing long-term interventions given the high rate of drop-out in the studies to date and the high mortality in the patient population.
Conclusion
Frailty is common in the older dialysis population and is associated with adverse outcomes, including death, hospitalization, falls, and fractures. Studies are required to determine whether interventions can improve frailty. The potential association between frailty of predialysis patients and higher risk of ESRD would suggest that early intervention may be effective, but it is also important to consider the dialysis population whose current functioning is extremely impaired.
